The present study was designed to evaluate the influence of hemp seed (HS) supplementation on egg yolk cholesterol and fatty acid composition in laying hens. Sixty hens (Rhode Island Red x Fyoumi) were evenly distributed into four groups (three replicates per group) at the peak production (34 weeks). HS was included into the ration at the level of 0.0 (HS-0), 15 (HS-15), 20 (HS-20), and 25% (HS-25) and continued the supplementation for consecutively three weeks. At the end of the experiment, three eggs per replicate were randomly collected and analyzed for egg yolk fatty acids and cholesterol profile. The statistical analysis of the result revealed that supplementation of HS-25 significantly ( < 0.05) decreased egg yolk total cholesterol, myristic (C14:0), palmitic (C16:0), and stearic (C18:0). Similarly, total as well as individual monounsaturated fatty acids decreased significantly ( < 0.05) while total and individual polyunsaturated fatty acids increased significantly in the HS-25. In addition, total omega-3 and omega-6 increased significantly in the HS-25 group. From the present result, we concluded that addition of HS at the rate of 25% to the diet of laying hens augmented the cholesterol and fatty acids profile in egg yolk.
Introduction
Healthy nutrition plays a major role in reducing morbidity and mortality around the globe. There is a strong relationship between the cholesterol profile of egg and the plasma cholesterol level [1] . Nutritionists have agreed that dietary polysaturated fatty acids (PUFA) of n-3 series play a crucial role in human health by promoting growth and development and demonstrate antithrombotic and antilipidemic effects [2] [3] [4] . The fatty acid composition of the egg may be influenced by the dietary composition offered to the laying hens [5, 6] . However, attempts to manipulate the total amount of fats in the egg through diet change have been marginally succeeded.
Hemp seed contains 25% protein, 30% carbohydrates, 10-15% fiber, and some trace minerals [7] . It also contains carotene and up to 35% oil [8] [9] [10] . HS contains a small quantity of delta-9-tetrahydrocannabinol (THC), a psychoactive compound [11] which provokes appetite [12, 13] . HS oil contains 80% essential fatty acids (EFAs) including stearidonic acid, alpha-linolenic acid, gamma-linolenic acid, and linoleic acid. HS can be used efficiently without any fear of EFAs imbalance [14] . Previously Khan et al. [7] reported that supplementation of HS at the rate of 20% improved the weight gain in broiler. Konca et al. [13] found no effect of adding HS on the body weight, feed intake, and feed conversion ratio; however, serum low density lipoprotein (LDL) decreased in the Japanese quails.
Konca et al. [13] further reported that omega-3 fatty acid inhibits tumor and cancer growth, lowers cholesterol, helps normal blood pressure, and increases fats digestion. It also has anti-inflammatory characteristics and thus helps arthritis patients [14] . Omega-6 and omega-3 fatty acid ratio in HS is 3 : 1 which is good for human consumption [14, 15] . Another advantage of the nutritional composition of HS is its gamma-linolenic acid content [14, 16] . Hemp seed lowers the egg cholesterol and modifies its fatty acid composition [17, 18] . Intake of dietary fats and its effect on health are a major concern in nutrition research. In the particular cases where the intake of beneficial fatty acids is low because of decreased acceptability and accessibility, consumption of healthful fatty acids could be improved by consuming cheap and less expensive poultry products. A diet based on healthy profile of fatty acids is being recommended to fight heart and associated diseases. To date no information is available on the effect of feeding hemp seed on cholesterol and fatty acids profile of egg yolk in Rhode Island Red x Fyoumi laying hen. Due to the healthy profile of fatty acids in the HS, this study was planned to find its effect on the cholesterol and fatty acid profile of eggs in laying hens.
Materials and Methods
This experiment was approved by the Departmental Board of Studies for Methodology, involving bird welfare and standard laboratory protocols. The experiment was conducted at the Poultry Farm, Department of Poultry Science, The University of Agriculture, Peshawar.
Experimental Design and Management of Birds.
Sixty hens (Rhode Island Red x Fyoumi) during the peak production (4 weeks) were randomly divided into four groups. Each group was replicated thrice with five birds per replicate. Standard management practices were adopted to ensure welfare of the birds. Light, feed, and water were given according to the standard requirements during the five-week experimental period including seven days of adaptation period. Hemp seeds were acquired from the local market and included in the ration at the level of 0.0 (HS-0), 15 (HS-15), , and 25% (HS-25). All the diets were isocaloric and isonitrogenous (Table 1) . Hemp seeds were fed to the birds for consecutively three weeks. During the third week, three eggs per replicate were collected and subjected to analysis of fatty acid and cholesterol profile.
Cholesterol Analysis.
Egg yolks were pooled from 3 eggs in each replicate per week and were frozen before further processing. Lipids were extracted from the yolk by using chloroform : methanol mixture (2 : 1 v/v) [19] . Briefly, one gram of egg yolk was mixed with 20 mL of Folch solution (chloroform and methanol, 2 : 1). Then, the solution having yolk was agitated on magnetic stirrer at 200 rpm for 1 h. After agitation, the solution was sieved and 2.2 mL of distilled water was added and centrifuged at 1000 rpm for 5 min. After centrifugation, the upper layer was discarded. Then 1.5 mL of wash solution (chloroform, methanol, and water, 8 : 4 : 3) was poured to each tube and mixed well and the upper layer was removed. This step was repeated twice. The remaining solution in the bottom layer was washed three times with wash solution and then transferred to a China dish and kept on the water bath for evaporation of solvents. The extracted lipids were recovered in small tubes. The egg yolk cholesterol was determined in the filtered sample by spectrophotometric method described by Rotenberg and Christensen [20] using chemistry analyzer (Map Lab Plus, Japan) at 546 nm. 
Fatty Acid Methyl Esters Preparation.
For this purpose, 50 mg of yolk was mixed with 1.5 mL of methanolic sodium hydroxide (3N) and boiled at 100 ∘ C for 5 min. After cooling, the residual lipids were collected in 2.5 mL of 14% boron trifluoride (30 min at 80 ∘ C). Fatty acids methyl esters were Journal of Chemistry 3 collected in 1 mL of hexane. For clear separation of hexane layer 5 mL of saturated salt (400 g of NaCL/L of water) solution was added, and the tubes were vortexed for 1-2 min, followed by centrifugation at 800 ×g for 5 min. The top (hexane) layer was transferred into new GC vials. For completed separation of fatty acids methyl esters, 1 mL of hexane was again added to each tube and vortexed for 1-2 min, followed by centrifugation (800 ×g for 5 min) and the transfer of the hexane layer to the respective GC vials. The fatty methyl esters were analyzed by gas chromatography mass spectrometry (GC-MS; Trace GC Ultra, Thermo Fisher Scientific, Waltham, MA, USA) with fused silica capillary column (50 m × 0.250 mm and 0.2 m film thickness; Supleco, SP-2560; Supelco, Bellefonte PA, USA) using hydrogen as a carrier gas at a constant flow of 1.5 mL/min. 1 L of sample was injected into the GC with a split ratio of 1 : 5 as described by Khan et al. [21] . The flame ionization detector was set at 280 ∘ C. The time-temperature program used started with an initial temperature of 140 ∘ C for 4 min, increased 4 ∘ C per min to a final temperature of 240 ∘ C, and held at this temperature for 20 min as reported earlier [22] . The fatty acids methyl esters were identified using external standards (S37, Supelco, Poole, Dorset, United Kingdom), and the fatty acids contents were calculated from the peak area of the corresponding FA in relation to the total area of all peaks.
Statistical Analyses.
Data was statistically analyzed using standard procedure of ANOVA in completely randomized design. Least significant difference (LSD) test was used for separation of means. Statistical package (SAS) was used for these analyses [23] . value less than 0.05 was considered statistically significant.
Results

3.1.
Cholesterol. Cholesterol (yolk plus egg) level decreased significantly ( < 0.05) with the increasing level of HS in the diet of laying birds. Higher cholesterol concentration was found in the control group while lowest concentration was recorded in group HS-25 ( Table 2) . Table 3 . Myristic acid and stearic acids concentration decreased significantly in HS-25 fed groups. Highest value of palmitic acid was recorded in the control group which decreased in HS-15 followed by HS-20 and HS-25.
Fatty Acid Profile of Egg
Saturated Fatty Acids. Individual and total saturated fatty acids concentration is given in
Monounsaturated Fatty Acids.
Total monounsaturated fatty acids decreased significantly ( < 0.05) by increasing HS level in the laying hens diets (Table 4) . Highest value of Palmitoleic acid (C16:1) was recorded in the control group followed by HS-25 and HS-20 while lowest concentration was recorded in HS-15 ( Table 4 ). The highest value of oleic acid (C18:1) was also recorded in the control group. There were no differences between the oleic acid contents found in the eggs of the hens fed with HS diets.
Polyunsaturated Fatty Acids.
Total polyunsaturated fatty acids increased significantly ( < 0.05) by increasing HS in the diets of laying birds ( Table 4) . Concentration of linoleic acid (C18:2) increased with the increasing level of HS up to 20%. Highest concentration was recorded in HS-25. The highest value of g-linolenic acid was recorded in HS-20 and HS-25 and lowest in the control group. Linoleic acid (C18:2), g-linolenic acid (C18:3n6), linolenic acid (C18:3n3), eicosadienoic acid (C20:2n6), eicosatrienoic acid (C20:3n3), arachidonic acid (C20:4n6), EPA (C20:5n3), and DHA (C22:6n3) increased significantly ( < 0.05) in the same groups. Eicosadienoic acid concentration was similar in HS-15 and HS-20. Eicosapentaenoic acid (EPA) (C20:5n3) content was highest in HS-25 group, showing no significant differences between all other groups.
Hens receiving 25% of HS in their diet had highest total omega-3 contents in their egg yolks ( Table 5 ). The highest total omega-6 concentration was recorded in HS-20 and HS-25 groups (Table 5) . Best omega-6 to omega-3 ratio was reported in HS-25 and the poorest ratio was found in HS-0 and HS-15 (Table 5 ).
Discussion
In Canada, hemp seed is not recommended in poultry diet because of lacking of scientific evidence [24] . To date, information regarding the effect of hemp seed on egg yolk cholesterol and fatty acids profile in Rhode Island Red x Fyoumi laying hens has not been reported. In the present study, we found that fatty acids were modified by the addition of HS in the feed of layer. In addition, total cholesterol concentration in the egg yolk decreased by increasing hemp seed level in the diet. Hemp seed contains -sitosterol (phytosterol) which is helpful in reducing hypercholesterolemia by blocking cholesterol absorption through crystallization and coprecipitation [25, 26] . Moreover, phytosterols have lower hydrosolubility than cholesterol so it misplaces the cholesterol from intestinal micelles. This competition reduces the absorption rate of the cholesterol by limiting its ability to reach the absorption [27] [28] [29] . Phytosterols also can lower the hepatic cholesterol biosynthesis by downregulating enzyme activity such as those involved in the terpene synthesis and the 3-hydroxy-3-methylglutaryl-coenzyme A (HMGCoA) reductase, restricting the rate of cholesterol formation [30] . Table 3 : Mean ± SE of saturated fatty acid (mg/g) in eggs from hens fed with different levels of hemp seed ( = 3). Hence it is inferred that HS lowers egg yolk cholesterol due to its high phytosterol and unsaturated fatty acid contents. Similar findings were also reported previously [18] . Saturated fatty acids like myristic acid (C14:0), palmitic acid (C16:0), and stearic acid (C18:0) decreased in HS fed groups. HS contains high level of unsaturated fatty acids and low level of saturated fatty acid [10, 31] . In agreement with our results, Silversides et al. [17] reported lower percentage of palmitic acid (C16:0) by increasing HS in the diet. Increasing PUFA in the diet decreases monounsaturated fatty acid contents of egg yolk. Similarly, HS contains omega-3 fatty acids [32] and increased intake of omega-3 fatty acids in the diet decreases MUFA level of egg yolks. The results of the current study are supported by the findings of Schwab et al. [32] .
Experimental groups
Diets having high level of linoleic ( -6) fatty acid result in increased level of linoleic ( -6) fatty acid content in the egg yolk [6] . HS contains fair amounts of linoleic acid [10] which may be responsible for increasing yolk linoleic content. Our results are in line with Silversides et al. [17] who recorded higher values of linoleic acid by feeding HS meal to hens. Gamma-linolenic (C18:3n6) concentration increased by increasing HS level in the diet which is easily absorbed from small intestines [10] . HS contains linolenic acid [32] which might have increased the level of egg yolk linolenic acid. Silversides et al. [17] reported higher values of linolenic acid by giving HS meal to laying hens.
Johansson [18] and Goldberg et al. [33] reported no significant increase in arachidonic acid (C20:3n3) in the egg yolk of birds fed with HS as compared to the control. Eicosapentaenoic acid (EPA) (C20:5n3) was significantly affected by HS levels in the diet of laying birds. In liver, linolenic acid is converted to EPA (C20:5n3) by delta-5 desaturase and elongase activity through a metabolic pathway which may be responsible for higher EPA values in the egg yolk. DHA concentration in egg yolk increases with increasing HS concentration in the diet being highest in group having 25% HS. HS contains fair amount of linolenic acid [34] . Similar results were also reported elsewhere [18, 32, 35] .
Hens receiving 25% of HS in their diet had the highest total omega-3 and omega-6 contents in their egg. This increase in total omega-3 concentration may be due to the linolenic acid content in the HS and its conversion to long chain fatty acid in the body of the hen [34] . A relationship exists between dietary and egg yolk linoleic acid contents [6] . The level of linoleic acid (n-6), g-linolenic acid (n-6), and eicosadienoic acid [10, 31] in HS may increase the total omega-6 contents in egg yolk by direct absorption from intestine. Moreover, conversion of linoleic acid to its long chain components in the liver like g-linolenic acid and arachidonic acid may also increase linoleic acid concentration in the egg yolk. The ratio of -3 to -6 is the lowest in HS-25 which is beneficial for public health.
Conclusion
From the present study, we concluded that inclusion of 25% hemp seeds into the laying hens diet improved cholesterol and fatty acids profile in egg yolk.
